Since its first application to the detection of potato spindle tuber viroid (PSTV) by Owens and Diener (1981) , the DNA dot hybridization technique has been the subject of active investigations, and several groups have contributed to simplification of the procedures and improvement of sensitivity limits (Macquaire et al., 1984; Bar-Joseph et al., 1985; Barker et al., 1985; Lakshman et al., 1986; Bernardy et al., 1987) . With the use of SP6 cloning vectors it is possible to transcribe inserted DNA into RNA probes of high specific activity in vitro (Melton et al., 1984) . The higher hybridization efficiency of asymmetric RNA probes and their high signal to noise ratio in hybridization reaction over DNA probes make the use of RNA probes an attractive approach for viroid detection. In this investigation, cRNA of PSTV and nick-translated cDNA were compared for their efficiencies in dot hybridization assays and the results obtained are reported in this paper.
Materials and methods. The plasmid clone pAV 401 (van Wezenbeck et al., 1982) was obtained from Dr. P. Vos, The Agricultural University, Wageningen, The Netherlands.
3-'P-labelled nick-translated probe from PSTV-specific Bam HI 358 bpDNA fragment isolated from pAV 401 was prepared according to Maniatis et al. (1982) . The `Riboprobe' plasmids pSP 64 and 65 were purchased from Promega Biotec, Madison, WI, U.S.A. The plasmids were propagated in Escherichia toll strain HB101 in the presence of ampicillin, and purified by equilibrium centrifugation in a CsCI-EtBr gradient (Clewell and Helinski, 1972) . The recombinant plasmid containing PSTV-specific DNA insert pDX4, obtained in the previous study (Lakshman et al., 1986) , was used for preparing 32P-labelled RNA probe.
PSTV was propagated in the greenhouse at 25-27°C using Rutgers tomato Fluorescent lights were arranged end-to-end above the plants and produced a light intensity of 5380 tmc/m'' (lux) at canopy height.
The procedure for PSTV purification was essentially the same as described previously (Lakshman et al., 1986) . Potato plants were inoculated with a sterile cotton swab dipped in PSTV-inoculum (5 µg/ml), when they were about 5 to 7 cm high.
Four weeks after inoculation, about 2 g of healthy or PSTV-infected potato leaves were homogenized in a blender with 3 ml of AMESS buffer (0.5 M NaAcHAc, pH 6.0, 10 mM MgCl2, 20% ethanol, 3% SDS,1 M NaCI, and 0.05% bromo-phenol blue). The homogenate, considered to be a 1/4 dilution in the buffer, was vortexed in the tube briefly and then incubated at 37°C for 5 min. About 2 ml of chloroform was added to the homogenate and vortexed in a fume-hood. The sample was then centrifuged at 12,000 g for 5 min and the upper aqueous phase was saved for dot hybridization assays. The samples were divided into two aliquots and were used for hybridization tests with the cRNA or the cDNA. Denaturation of the samples was done by heating at 100°C for 15 min followed by cooling in ice (Macquaire et al., 1984) .
The procedure of dot hybridization was essentially the same as described previously (Thomas, 1983) . The procedure of Owens and Diener (1984) Protocol No. 1). Hybridization and post-hybridization conditions with DNA probes were the same as those of Owens and Diener (1984) . Hybridization with RNA probes at 60°C and post-hybridization washings at 65°C were done according to Melton et al. (1984) . The membranes were air-dried and wrapped in thin polythene film. Dried membranes were autoradiographed at -70°C for 48 hr using XAR-5 Kodak X-ray film and two Dupont Cronex Hi Plus XA intensifying screens. For the measurement of radioactivity, membrane squares containing individual dots were cut and immersed in 3 ml of Amersham scintillation fluid in plastic vials. Ten days after autoradiographic exposure, counting was done in an Isocap/300 scintillation counter (Searle Analytic Inc.) over a period of 10 min and radioactivity was expressed in cpm. Results and discussion.
In this study, evidence is presented that, using dot hybridization technique, PSTV detection with the cRNA is much more sensitive than with the nick-translated DNA probe. The signal to noise ratios in hybridization reactions with the RNA probe were greater than those with the DNA probe using samples from all growth temperatures tested in this investigation. The sensitivity limits were three to six steps higher with the cRNA probe over the cDNA probe in two-fold dilution series of sap samples used for hybridization (Table I ). This means that the detection sensitivity of the cRNA probe is eight to 64 times higher than that of the cDNA, using both probes at a final radioactivity of 2.0X10° cpm/ml. Previously, Lakshman et al. (1986) reported that the use of the cRNA probe (0.7x10° cpm/ml) detected as little as probes from pAV 401 (0.7X 10G cpm/ml) or from the 358 by PSTV-specific DNA (0.5X 106 cpm!ml) detected 45 pg or 11.2 pg of purified PSTV in clarified sap from uninoculated tomato leaves and PSTV in a 1:5 dilution of infected tomato sap. Thus, the differences in the sensitivity limits of the cRNA probe were four to 32 times higher than those of the cDNA probe for purified PSTV and five times higher for sap samples (Lakshman et al., 1986 In a range of 10 to 30°C, potato plants kept at 25°C yielded the highest amount of PSTV as detected by both the cRNA and cDNA probes. This result is not necessarily in agreement with the previous reports by Harris and Browning (1980) and Morris and Smith (1977) who reported that viroid concentration increased faster at 30-31°C than at 23-25°C. Since their experimental conditions are not identical 'with those of the present study, further investigation is needed to resolve this disagreement.
Finally, the sensitivities of PSTV detection are compared between the cRNA probe and other procedures reported previously (Table II ). This clearly shows that the use of the cRNA probe is superior in its sensitivity to any of the other methods with which it was compared, with a maximum limit of 1.4 pg without visible signal from healthy controls.
